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I. INTRODUCTION
Nowadays, different technical, economic and political reasons cause electric vehicles (EVs) become more charming than traditional vehicles. This trend is become more fast by environmental pollution concerns [1] - [2] . Also, need for more reliable and economic smart energy systems [3] - [4] is a motive for fast growth of EVs. EVs are going to be more economic compared to the traditional vehicles. However, energy demand growth due to EVs is a problem for distribution companies (DisCos). EVs can cause problems from both technical and economic aspects [5] . EVs can be considered as loads that can be operate as ES to inject power to the network, which is called vehicle to grid (V2G) process [6] . There are various researches about V2G actions and its effects on distribution networks [7] - [14] . Studying on the vehicles consumption showed that most of cars don't move each day periodically. [15] . In condition that there are a lot of EVs connected to grid, EVs can be considered as controllable loads with ESs. In other words, allocation of charging stations for EVs can be used as an approach in order to solve network problems caused by peak load, etc. Also, various demand response programs (DRPs) could be applied in the mentioned smart grids [16] .
There are considerable distributed energy resources (DERs) in smart grids that they may cooperate with EVs as controllable load-storage units. There are a huge number of researches that have studied integration of DERs into grids with controllable loads, EVs and ESs by considering various DRPs [17] . For example, in [18] , a model is proposed to analysis the effects of V2G as a measure for DRPs. In [19] , a technique for CS allocation which provides V2G power as distributed generation is presented. In [20] , a method is used to schedule EVs charging in a parking considering constraints for EV battery and grid operational limits.
In smart grids with considering CSs and DERs, the operation cost of grid will be reduced. The studies have shown that the EVs and non-dispatch able energy resources can be cooperated in the smart grid platform. In this paper, optimal allocation of solar CS include solar-ES units is introduced as a multi-objective problem. The problem considering both technical and economic issues. The proposed method maximizes profits for DisCo and charging station owner (CSO). Probabilistic behavior of solar units and EVs load are also considered.
II. PROBLEM DEFINATION In this paper, the proposed model maximizes two objective functions. The objective functions includes total benefits of DisCo and CS owner. It is assumed that private sector is the owner of solar charging stations using ESs and DisCo will only manage CSs to operate properly. DisCo is responsible for manage EVs. Also, it has a management role on the CSs investment, and optimal operation of the smart grid. In order to have a perfect analysis, the annual load profile is modeled by considering three different parameters. A normal probability density function (PDF) model is used for demand level factor, DLi,t,h. The DLi,t,h uncertainty is modeled as follows:
, , , DRPs are used to shift the load from peak time intervals to other periods in order to decrease energy purchase costs. In this paper, it is assumed participate is based on in TOU with considering a limited capability for shifting demand. The load with considering DRP is defined as follows:
, , ,
, , , (4)- (7) express the ESs constraints. The constraints (4) and (6) capture the limits on the charging and discharging power. [20] . Also, the required time for EV charging/discharging process depends on initial state of charge, limits of acceptable battery's State of charges and acceptable charge/discharge rate. The enough time for charging/ discharging of EVs depends on initial State of charges can be obtained as follows:
where SOCmin and SOCmax are the limits acceptable battery's state of charge. ESi is the battery capacity. Also, PEV presents the charge-discharge rate of batteries. [20] The output power of the CS can be shown as fellow:
cs EV Solar P n P P (11) The output power of the CS is a function of solar units output and state of charges of batteries. The generation of solar unit highly depends on the sun radiation. In this paper, the stochastic behavior of sun radiation in each forecasted period is modeled by the normal PDF.
The electricity price is depends on market mechanism. The price value is considered variable for each demand level. A normal PDF is considered to follow price using Monte-Carlo experiment. DRPs are used to shift the load from peak times to other periods to decrease energy costs. It is assumed that the consumers participate in time interval of use programs with considering a limited capability to load shifting. Also, DRP and charging-discharging constraints are modeled. In this paper, the first objective function (OF1) consists:
Investment cost of CS considering solar and ESs costs
The cost of CS installation is considered in investment cost. This cost is calculated as follows:
Benefit of charging The net benefit from providing charging process for EV drivers is calculated as follows:
, ,, Benefit of discharging The energy in batteries can be injected to the grid during peak times with lower price in compare with the price of the peak-load level. Discharge of EV batteries is calculated as follows:
, ,, 
where Ced is the cost of equipment dejection due to the power injection, and con is refers to inverter efficiency, respectively.
Benefit of power sell The net benefit obtained from power purchase to the grid loads can be obtained as follows. During peak-time demand is provided by CSs through V2G.
, , , T is the time duration of selling energy to customers at demand level h.
Investment cost of solar units
The installation cost of solar unit and price of plant, construction costs, etc. are included in solar unit's investment cost. The investment cost of solar units is calculated as follows:
where IPs is the investment price of each MW of solar unit.
cost of charging ES The total net benefit from providing charging services is calculated as follows:
, , , is the purchasing price of energy from wholesale market at demand level h in $/kWh.
Net benefit of discharging ES
The net benefit obtained from selling power to the network loads generally can be calculated as follows: 
where the above-mentioned terms refers the net benefit of daytime EV charging/discharging programs, net benefit of selling power from grid, benefit of losses reduction and investment cost of CS considering solar and ESs costs, respectively. Also, the benefit function for CSO is calculated as follows: 
III. MULTI-OBJECTIVE OPTIMAZATION PROBLEM
The first objective function, OF1, refers the benefit of DisCo and the second objective function, OF2, refers the benefits of CS owners in the distribution system. This paper introduces a multi-objective optimization framework for optimal EV and solar CS planning with considering constraints. To manage various uncertainties in the planning phase, Monte-Carlo simulation is used. Also, to manage the allocation and optimization problem, Genetic Algorithm (GA) is combined with Monte-Carlo simulation. In this paper, solution algorithm is applied in two steps. In the first step, the Pareto-optimal front is used. Then in the next step the best solution is selected. In order to model optimization problem, the uncertainties of four parameters are considered. Load demand, electricity price, solar power generation of CS and the input/output power of charging station are considered as probabilistic parameters. MCS, scenario based approach and normal distribution is used to manage uncertainties. The fundamental of MCS method is described in [21] . Flowchart of proposed method is shown in Fig. 3 . IV. SIMULATION RESULTS The proposed methodology is applied to IEEE 33-bus standard test system which is shown in Fig. 4 . The system technical data and loads are available in [22] .
In order to illustrate effects of proposed method on operating cost, three different scenarios for CS allocation are considered.
Scenario 1: CS allocation considering DRP and Solar units. Scenario 2: CS allocation considering DRP and ESs. Scenario 3: CS allocation considering DRP, Solar units and ESs. To show the DRPs effect on the proposed model, load curve considering EVs effect and DRP is shown in Fig. 5 . As shown in this figure, DRP reduce peak value and shifts loads from peak time to off peak times.
The data used in simulation and results of simulation are presented in Table I and Table II . Results of allocation considering optimal buses and capacities and also, benefit-cost amounts for DisCo is presented in Table II .
In order to compare difference between traditional system operations, systems with ESs and without ESs, simulation results are presented in Table II . According to this table, the benefit of selling power during peak-time interval is much more from charging or loss reduction benefits due to DRP effects in system. With considering DRP, the active power losses are also reduced. According to Table II, Planning has been done for two CSs and two solar units. In systems using ESS, solar units output will be more controllable. So it is clear that the economic profit will be increased as results showed. In other words, ESS increase flexibility of generation and consumption profiles and help DisCo to manage demand with minimum cost. So, benefits for DisCo and CS owner will be increased due to load shifting and loss reduction during peak periods in systems with ESS.
Considering ESS allocation in smart grid, changes the results of solar unit's allocation and operational planning of network. In this paper, results showed that using ESS increase optimum capacity of solar units and their location. Fig. 6 and Fig. 7 show the annual active power loss and demanded power from upstream grid, respectively. Power loss value at peak hours is significantly reduced in the planning period. On other hand, the selected CSs which specified by the proposed model will impose the lower total active power loss during the operation time compared to without ESS option. The mentioned results are shown in Fig. 6 . Demand response implementation has decreased losses effectively. In this paper using solar units is more effective than using ESS. The reason of this result is depended on values of selected optimal ESS, solar unit's capacity and behavior of loads during operational planning horizon. Demand for power and voltage profiles are shown for DLF=1 in Fig. 7 and Fig. 8, respectively. As, shown in Fig. 8 , the best results for smoothing load profile is obtained in case that both ESS and solar units are considered. As, storages are more flexible and controllable in compare with solar units, using ESS in this paper is more effective due to peak load time period (7 P.M -12 P.M). In the simulated network, the buses, which they are far from substation, will face the voltage drop problem. As it can be observed from Fig. 8 , the proper placement of the CS and solar units can improve voltage profile. In this paper, a load growth for 20 years is considered. Results showed that load growth will lead to unacceptable voltage sag after few years. But, optimal allocation of ESS with solar units can manage load growth effects during next couple of decades.
V. CONCLUSION This paper introduced a two steps multi-objective method to optimal integration of CSs using solar units and ESs. An optimization method using GA and MCS was used to solve the optimization problem. The proposed optimization method provided best set of solutions. The best set of solutions is maximizing the benefits of DisCo and CS owners in the first step. In the second step, GA method finds the best solution from the available solutions. The presented method led the DisCo to handle the dispersed EVs in the grid by using ESs and solar units. The proposed method is capable to determine the best location and size of the solar-based CS and ESS in order to minimizing the active power losses and voltage sags. The presented method is capable to handle the uncertainties of EVs and solar units output. Also, with implementation of the proposed method, DisCo operation costs will be minimized. In order to prove the effectiveness and capabilities of the proposed optimization method several cases are evaluated. Results proved that proposed method can improve economic operation and improve technical indexes of the smart grid.
